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Abstract 
Large-scale molecular dynamics simulations are carried out to investigate 3C-SiC single crystals under plane shock loading. From the 
analysis of the shock profile and the evolution of the atomic structures, we demonstrate the interplay between the shock induced elastic 
compression, plastic deformation, and structural phase transformation (SPT). Particle velocity ranges from 0.4-6.0 km/s. The predicted 
shock Hugoniot is divided into four regions. Below 2 km/s, only elastic shock induced compaction exists. Plastic deformation appears 
between 2-3 km/s, while the SPT emerges above 3 km/s, when the induced pressure reaches over 90 GPa. Plastic deformation in this 
cubic crystalline material is marked by extensive deformation twinning while at high pressure the original low pressure zinc blend 
structure is transformed into the more compact rocksalt structure. For particle velocity above 4.5 km/s, a single overdriven transformation 
wave propagates in the system. These simulation results provide an atomistic view of the dynamic effects of shock impact on single 
crystal high-strength ceramics. 
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1. Introduction 
SiC is a well-known high strength ceramics that can be used in wide range applications such as in abrasives, in 
high wear conditions, in electronic industry, and also as an armor component. Plane shock loading is widely to investigate 
materials under extreme conditions. There are innumerous studies on the shock response in metals, such as shock-induced 
plasticity in fcc crystals1 and the structural phase transition from bcc to hcp induced by shock waves in iron.2 Nonetheless 
simulations of shock in ceramics are much less described. We therefore chose to describe the shock response of SiC. The 
delayed failure behavior was examined by experimental studies.3 The Hugoniot compression curve of 6H-SiC was 
determined up 160 GPa using a two-stage light-gas gun and an optical method.4 The authors observed a phase transition at 
105 ± 4 GPa. The strength of SiC was determined by the shear stress and the strength in the Hugoniot states.5 The strength 
of the materials increases by about 50% at stresses of 50-75 GPa before falling off somewhat as the phase transformation is 
approached. So far, to our best knowledge, there is little simulation work done on SiC under plane shock and we would like 
to fulfil this lack of knowledge investigating the mechanical response of the SiC using atomistic simulations. 
© 2013 The Authors. Published by Elsevier Ltd. 
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2. Methodology 
     Large scale molecular dynamics simulations are employed to investigate the response of the high strength ceramic SiC, 
under strong planar shock waves. An effective interatomic potential employed to describe SiC. The potential was validated 
by the excellent agreement with experimental elastic constants, melting temperature, vibrational density of states, and 
specific heat.6 The ability of the potential to handle extreme conditions was previously demonstrated by simulating 
projectile impacts on SiC.7 Slabs of ~12 x 12 x 200 nm3 are used in this work, which contain about three million atoms. 
Plane shock loading is performed along the [001], [110], and [111] directions, here chosen as z – direction. To reduce 
surface and size effects, periodic boundary conditions are applied in the lateral (xy) directions. The particle velocity up 
ranges from 0.4 to 6.0 km/s. The atomic equations of motion are integrated with a time step of 1.5 fs. The planar shock 
wave is initiated using a reverse geometry where the system hits a stationary “piston”, described by a momentum mirror, 
which reflects back any arriving atom by inverting its z-velocity. Analysis of physical properties is carried out along the 
impact direction resulting in shock profiles which have in particular an accurate local density calculated by averaging over 
the inverse atomic Voronoi polyhedral volume and local stresses based on it.8 
3. Results 
The shock response is commonly described by plotting the shock velocity versus particle velocity in what is known as 
the Shock Hugoniot curves. In Fig. 1, we show the dependence of the crystallographic directions and the effects of 
temperatures on the shock Hugoniot for SiC. The Hugoniot curves show essentially a similar behavior for the three low 
index crystallographic directions of the zinc blend 3C-SiC structure, [001], [110], and [111]. Similar behavior is also 
demonstrated for the two temperatures employed, 10 K and 300 K. The shock response is divided in four defined regions: 1) 
up < 2.0 km/s, the sample is uniaxially compressed; Single elastic wave with no sign of plasticity and structural phase 
transformation (SPT); 2) up = 2 - 3 km/s, plastic wave in the form of deformation twinning occurs together with elastic 
wave; 3) up  > 3 km/s, the pressure reaches over 90 GPa, inferred from the shock profile, and this induce the zinc blend to 
rocksalt phase transition; 4) up > 4.5 km/s, the high SPT overtakes the elastic precursor, resulting in a single overdriven 
wave. In the following, the shock response of [111] direction will be taken as an example to illustrate the shock response of 
SiC. 
 
Fig. 1. Shock Hugoniot of SiC at T = 10 K and T = 300 K for three crystallographic directions, [001], [110], and [111] directions. 
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In Fig. 2 we illustrate the shock profile of SiC at 10 K (up = 3.0 km/s) along he [111] direction. We further illustrate the 
shock response showing the atomic structure under shock with atoms colored by the atomic y – displacement. Blue to red 
atoms indicate negative to positive displacements. From the shock velocity and the density, it is clear that two shock waves 
propagate in the system. An elastic precursor is followed by a plastic wave. The deformation twinning is clearly shown by 
the altering positive (red atoms) and negative (blue atoms) displacements. The shear stress is quickly released behind the 
plastic wave front. The deformation twinning is highlighted by the extraordinarily large calculated xy displacement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Snapshot of the atomistic structure in which atoms are coloured by the y-displacement and the shock profiles of particle velocity (a), density (b), 
longitudinal stress, lateral stress, and shear stress 2W = Vzz-(Vxx-Vyy)/2  (c), and xy displacements (d) taken after 9 ps of shock propagation. 
 
The zinc blend to rocksalt phase transformation is well evidenced by the analysis of coordination. In Fig. 3, we show the 
structure of SiC for impact along the [111] direction, at T =10 K and up = 4.0 km/s. Yellow, red, and dark red indicates 
atoms with 4 (zinc blend structure), 5, and 6 (rocksalt structure) neighbours. The shock front is rough and indicates 
heterogeneous nucleation of rocksalt grains at the shock front.  
 
 
Fig. 3 Shock structure at T = 10 K and up = 4.0 km/s, in the [111] direction. Atoms are coloured by the calculated coordination number. Yellow indicate 
atoms with 4 neighbours in the original zinc blend structure, dark red indicates atoms with 6 neighbours in the rocksalt structure. Red indicates atoms with 
5 neighbours in the compressed region. 
4. Conclusions 
In summary, we perform plane shock loading on single crystalline SiC ceramics using large scale molecular dynamics 
simulations with the aim of revealing the interplay between elastic compression, plastic deformation, and the SPT. We 
observed four shock waves: elastic wave, plastic wave, SPT, and overdriven, by increasing the particle velocity irrespective 
(c) 
(a) (b) 
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153 Jingyun Zhang and Paulo S. Branicio /  Procedia Engineering  75 ( 2014 )  150 – 153 
of crystallographic directions and temperatures employed. The particle velocity was chosen from 0.4 - 6.0 km/s. When up is 
less than 2.0 km/s, there is only elastic uniaxial compression. At about 2 km/s, a plastic wave is generated indicated by the 
large xy displacement. When the generated pressure is higher than 90 GPa, a zinc blend to rocksalt phase transformation is 
triggered. Finally, the SPT overtake the elastic wave at 4.5 km/s and a single overdriven wave is observed. The induced 
shear stress is promptly relaxed by the plastic and SPT waves. These results provide important atomistic insights into the 
shock behavior of single crystalline ceramics.  
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